FORCED VOLUME MAGNETOSTRICTION IN AMORPHOUS Co-Si-B ALLOYS
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REsum& -La magn6tostriction forc6e 2 tempgrature ambiante a 6t6 calcul6e a partir de la variation sous champ de la magn6tostric-tion 3 saturation pour un champ magngtique appliqu6 parallglement puis perpendiculairement a la longueur des rubans. On a d6termin6 la d6pendance de la magn6tostriction forcEe en volume vis 2 vis de la composition, en fonction des pourcentages de Co et de Si. Grace 2 des relations thermodynamqiues, la variation du point de Curie avec la pression a St6 calcul&e pour les alliages EtudiGs 5 partir des mesures de a w / a H . b s t r a c t -The room temperature f o r c e d volume magnetostriction t o n s t a n t a d a H was c a l c u l a t e d from t h e f i e l d dependence of s a t ur a t i o n m a g n e t o s t r i c t i o n f o r t h e magnetic f i e l d p a r a l l e l and p e r p e n d i c u l a r t o t h e l e n g t h of r i b b o n s . Compositional dependenc e s of f o r c e d volume m a g n e t o s t r i c t i o n -both a s a f u n c t i o n o f Co and S i c o n t e n t -were determined. On t h e b a s i s of t h e thermodynamical r e l a t i o n s t h e p r e s s u r e dependence of Curie temperature f o r t h e s t u d i e d a l l o y s fromaw/a~measurements was derived.
I -IITTRODUCTLON T r a n s i t i o n metal-metalloid amorphous a l l o y s a r e e x c e l l e n t s o f t magnet i c m a t e r i a l s . However t h e magnetic p r o p e r t i e s s t r o n g l y depend on t h e i n t e r n a l s t r e s s e s i n t h e m a t e r i a l i n t r o d u c e d d u r i n g t h e quenching p r o c e s s and s o on t h e n a g n e t o s t r i c t i o n . Magnetic p r o p e r t i e s may be improved by s t r e s s a n n e a l i n g but t h i s t r e a t m e n t a t h i g h e r temperatur e s i s n o t always p o s s i b l e i n c a s e of amorphous a l l o y s because i t i s o f t e n accompanied by embrittlement. T h e r e f o r e amorphous a l l o y s w i t h low m a g n e t o s t r i c t i o n compositions a r e d e s i r a b l e . Co based a l l o y s meet t h i s requirement s u f f i c i e n t l y /I ,2/. Co-Si-B amorphous a l l o y s i n v e s t i g a t e d i n t h i s paper have n e a r l y 10 t i m e s lower l i n e a r and volume m a g n e t o s t r i c t i o n t h a n Pe-based m e t a l l i c g l a s s e s . W e c o n c e n t r a t e h e r e on t h e f o r c e d volume m a g n e t o s t r i c t i o n which i s connected w i t h p r e s s u r e e f f e c t s o f Curie temperature and o f f e r s valua b l e i n f o r m a t i o n about t h e e l e c t r o n i c s t r u c t u r e of a l l o y s , r e l a t e d t o i n t e r -a t o m i c i n t e r a c t i o n . P r e s s u r e e f f e c t s on ! l ! , e s t i m a t e d from a w / a H measurements on t h e b a s i s of thermodynamical r e l a t i o n s can be o b t a i n e d even i n t h e c a s e of Tc h i g h e r than t h e c r y s t a l l i z a t i o n temp e r a t u r e .
I1 -EXPERIMENTAL l"1ETHODS
A l l o y s of Co-Si-B compositions were p r e p a r e d i n t h e form o f long Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1985676 ribbons 2*5 mm wide and 30*40 Aim thick by rapid quenching from melt using a single roller melt spinning technique. The amorphous structure in the samples was confirmed by X-ray diffraction. The three terminal capacitance method was used for the magnetostriction measurements. The details of this method have been already reported /3/. The forced volume magnetostriction constant S^/SH was calculated from the field dependence of saturation magnetostriction for the magnetic field parallel and perpendicular to the length of ribbons as:
where hu and h x are the forced magnetostriction measured for parallel and perpendicular direction of applied magnetic field respectively. Ill -RESULTS AM) DISCUSSION Figure 1 represents the ternary diagram of the forced volume magnetostriction for Co-Si-B amorphous system. The range of compositions possible to obtain in amorphous state is indicated by the broken line. Closed circles on this diagram denote the samples under investigation and the solid curves show the compositions of the same value of forced volume magnetostriction at room temperature.
Pig. 1 -Ternary diagram of forced volume magnetostriction for
Co-Si-B amorphous alloys.
The value of 9u/3H varies between 4.0 and 9.0 f10" 10 0e" 1 ] for different compositions and is almost one order of magnitude smaller than for Fe-based amorphous alloys /4/. The same thing was observed also for linear saturation magnetostriction in these two systems /5/. The highest values of 3u/3H are observed for the compositions with the smallest magnetic moment and Curie temperature. Prom Pig. 2 it can be seen that 3w/3H values decrease with higher Co content but the changes are rather small. More distinct differences are observed for silicon concentration dependence in CoyoSiY Cop$ii18B12 alloy. It seems t h a t these changes a r e connected with concentration dependence of Curie temperature and temperature dependence of forced volume magnetostriction f o r t h i s system. The measured values of a W / a H f o r Co-Si-B a l l o y s a r e of t h e same order a s reported f o r c r y s t a l l i n e Co (aw/a*5*6 [10-100e'll) /6/. This f a c t connect e d with other r e s u l t s showing t h a t Co-metalloid amorphous a l l o y s have s i m i l a r magnetic properties a s t h e i r c r y s t a l l i n e counterparts leads t o the suggestion t h a t i t i s due t o t h e s i m i l a r atomic l o c a l environment /short range order/ f o r both systems. A s i s w e l l known t h e r e l a t i o n between a o / a H and presslure dependence of Curie temperature a T c / apis given a s follows /7/:
where a I , / a T i s t h e temperature dependence of t h e s a t u r a t i o n magnetizat i o n . aI,/aT i s n e g a t i v e f o r Co-Si-B system s o from eq. (2) i t can be seen t h a t Curie temperature d e c r e a s e s w i t h i n c r e a s i n g of t h e p r e s s u r e f o r t h i s system. From eq.(2) aTc/ap can be e s t i m a t e d i f t h e v a l u e of aI,/aT i s known. aI,/aT o b t a i n e d i s r a t h e r l a r g e and n e g a t i v e a t room temperature and i n c r e a s e s w i t h t h e i n c r e a s e of s i l i c o n content. It i s due t o t h e Tc d e c r e a s e f o r Co-Si-B amorphous system w i t h h i g h e r S i c o n c e n t r a t i o n /8/. The d e c i s i v e f a c t o r s i n t h e c a l c u l a t i o n of aTc/ap a t room temperature from t h e eq.(2) w i l l be T/Tc and aI,/aT because t h e changes of aw/aH w i t h composition a r e r e l a t shows d e c r e a s i n g tendency w i t h i n c r e a s i n g of S i content.
The p r e d i c t i o n of aTc/ap can be done on t'ne b a s i s of V/ohlfarthcs i t in e r a n t e l e c t r o n model /9, 10/ which g i v e s t h e r e l a t i o n s :
a-rc/ap = -a/Tc (3) 2 aT / a p = -aTc+bTc (4) f o r homogeneous and heterogeneous a l l o y s r e s p e c t i v e l y where a and b a r e parameters.
Our r e s u l t s follow t h e law c l o s e t o
~T c /~P "-Tc based on t h e eq. (4) f o r heterogeneous a l l o y s . So i n v e s t i g a t e d Co-Si-B amorphous system of a l l o y s r e v e a l s t h e f e a t u r e of inhomogeneous f e r r o m a g n e t i c a l l o y s .
It w i l l be i n t e r e s t i n g t o compare t h e t h e o r e t i c a l c a l c u l a t i o n s w i t h p r e s s u r e measurements of Curie temperature f o r Co-Si-B amorphous a l l o y s .
